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Flat cable with conductor ends connectable to connector 



(54) 

(57) A flat cable including a plurality of conductor 
strips which are formed by punching a single metal foj 
and are embedded within an insulating sheet, .n which 
at an end portion of the flat cable, bifurcated portions are 
folded back one on another such that end terminals of 
conductor strips of one bifurcated portion are .nserted 
between end terminals of conductor stnps of another 
furcated portion, so that an order in which end terminals 
of the conductor strips are aligned can be changed. 
Therefore, an electric connection between connec ors 
requiring crossings of conductor strips can be estab- 
lished by a single flat cable. 
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Description 

Background of the Invention 
Field of the Invention 



The present invention relates toa flat cable compris- 
ngaplurahiy of foil-hkeconductor strips having endpor- 
.onsconnectable to terminals ofaconnec,or,andan?n- 
sulHling sheet .n which said foil-like conductor strips are 
crnboddod in a manner such that the conduc.or'str^ 
ire electrically isolated from each other. 

Rclrtiod An Statement 



Iho lla! cable of kind mentioned in the preamble has 
been wde.y used .n automobiles for connecting^riSus 
ciocir.c pans In case of manufacturing a flat cable, a 
mo al IO.I .s punched to form a plurality of foil-like con- 
ductor su.ps Hr,d then these conductor strips are sand- 

such ds PET to form a laminated structure 

noconily the number of electric parts has been in- 
cc-iscd and the circuit arrangement has become ven, 
comp„catod Therefore, it has become difficult to estab 
Nsh an Glec.r«al connection between connectors by 
means of a single flat cable. For Instance, in automo 

^Z'J V"""" °' "^'^'^^ '^^'"9 d««'«nt struc. 
lures have been used. This results in that a design of a 
c rcu,t arrangement, manufacturing and cable fitting op- 
eration are liable to be complicated and the number of 
operatKDn steps isincreased so thatan efficiency of man- 
^^r^'^- ngcost 

in wN?h 1 r ! ^"""^"S ^ arrangement, 

in Which a first connector 1 includes terminals a I a2 a3 
a4 and aS aligned in this order and second connector 2 

^ .fhl H K • ^"^ ^3 aligned in this order 

It should be noted that terminals of the first and second 

connf °H ^ '^"'"9 have to be 

connected to each other. That is to say, the terminal al 
of the f rst connector 1 shouW be connected to the ter- 

rriinalblof the secondconnector2, the terminal a2 Of the 
n St connector 1 has to be connected to the temiinal b2 
Of the second connector2. and so on. If the correspond- 
ing terminals of the first and second connectors 1 and 2 

rllf°"^^!^'^ '"^"^ °' ^ ^'"9'^ '^able Fc. the flat 
cable Should have conductor strips c1 -c5 some of which 

04 and c5 have to be crossed with the other conductors 
CI -C3 and further the conductor strips c4 and c5 should 
be crossed with each other as illustrated in Fig i 

The circuit arrangement shown in Fig. i is some- 
times used in automobiles. In automobiles, a main har- 
ness IS commonly used for different kinds of cars or at 

of different kinds of parts and a manufacturing cost For 
instance, an inner door unit to be connected to the ter- 
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minals a4 and aS situates below the terminals b1 -b3 In 
such a basic structure or specification, it is required to 
blT^in '^^.!f T"^'^ ^ b5 above the terminals 
5 ^1 r .f ^®' ^'"^ °' specification due to a lay- 
5 out within the inner door space. 

In such a case, it is impossible to perform the con- 
nection between the connectors 1 and 2 by means of a 
single known flat cable, and at least two flat cables are 

ro '^slf^^ ^ ^°""e<^«n9 the termi- 

nals al.a2 and a3 to the terminals b1, b2 and b3 re- 
spectively and the other having a pattern for connecting 

ZeTeT ^ '° ^'^ 

,s „'"^''"°'^''^'^^'"«"'"stratedinFig 2,oneendof 
the flat cable 6 includes end terminals connectabte to^J 

and the other end of the flat cable has a first set of end 
terminals connectabletoterminalse4ande5ofasecond 
able to terminals e3. el . e2 and d6 of a third connector 

cable 6 have to be crossed with each other, so that it is 
practically difficult to perfom, the electrical conn^.t^ 
between the first connector 3 and the second and thirS 
connectors 4 and 5 by means of a single flat cable. That 
^i^f^ r connector 3 to the second 

and thn-d connectors 4 and 5, it is required to use a first 
flat cable connecting the terminals d4 and d5 of the first 

^0 IZ""T! '° '^""'"^'^ «S °' second 

2Th^ ^ '^"^ '^^'^'^ '=°""«'=«"9 «he ter- 
minals d3. d1, d2 and d6 of the first connector 3 to the 
term^als e3, e1 , e2 and e6 of the third connector 5 

As explained above, when an electric connection 
between connectors requires crossings of conductor 
s^nps. It IS difficult to perform an electric connection by 
means of a single flat cable, so that a plurality of flat ca 
Wes have to be used. Therefore, when a circuit arrange- 

Z o^^lT'" '=°^P"'=^'^^- ^ te^ge^ number of flat ca- 
bles of different structures are required. Therefore the 
^0 number of steps in designing is increased and!he fill Lg 
operation of flat cables becomes cumbersome MoS 
ver. When thenumberof kinds of flat cables is increased 
the number of blanking dies for manufacturing the flai 

4s rZ7'" T'^'^ according^, and thus the manufac- 
« turing cost is increased. 



Summary of the Invention 



so , ^ invention has for its object to provide a 
so novel and useful flat cable which can establbh an elec 
tncal connection between connectors even if the electri- 
cal connection requires crossings of conductor strips 

According to a first aspect of the invention, a flat ca- 
ble compnsing a plurality of foil-like conductor strips hav- 

''°'':''"'''^"^'=*^'''^'°*^^'^*"«'«o*^'=o"nector 
and an insulating sheet in which said foil-like conductor 
strips are embedded in such a manner that the conductor 
stnps are electrically isobted from each other, the im 
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provement being characterized in that at least one end 
portion of the flat cable includes a bifurcated portion 
which has been folded back about a line extending in a 
direction perpendicular to an edge of the end portion 
such that an order of end terminals of the foil-like con- S 
ductor strips are changed. 

In a preferable embodiment of the flat cable accord- 
ing to the first aspect of the invention, a distance between 
adjacent end terminals of the foil-like conductor strips is 
widened to form a space, and said at least one bifurcated 
portion has been folded back such that at least one end 
terminal of at least one foil-like conductor strip of the bi- 
furcated portion is placed in said space. 

According to a second aspect of the invention, a flat 
cable comprising a plurality of foil-like conductor strips 
having end portions connectable to terminals of a con- 
nector, and an Insulating sheet in which said foil-like con- 
ductor strips are embedded In such a manner that the 
conductor strips are electrically isolated from each other, 
the improvement being characterized in that there are 
formed a plurality of bifurcated portions at least one end 
portion of the flat cable, and said plurality of bifurcated 
portions are folded back such that end terminals of 
foil-like conductor strips of said plurality of bifurcated por- 
tions are arranged one on another to form an end portion 
Including plural end terminal arrays, said end portion be- 
ing connectable to a connector Including plural terminal 
arrays. 

In a preferable embodiment of the flat cable accord- 
ing to the second aspect of the invention, said end por- 
tion includes plural connector housings each accommo- 
dating end terminal arrays of respective bifurcated por- 
tions., said plural connector housings being able to be 
coupled with said connector by clamping. 

Brief Description of the Drawings 

Fig. 1 is a schematic view showing an electrical con- 
nection including crossings of conductors; 

Fig. 2 is a plan view illustrating a known flat cable; 

Fig. 3 is a schematic view depicting a principal con- 
struction of the flat cable according to the invention; 

Fig. 4 Is a schematic plan view showing a first 
embodiment of the flat cable according to the Inven- 
tion; 

Fig. 5 Is a schematic plan view representing a sec- 
ond embodiment of the flat cable according to the 
Invention; 

Fig. 6 is a perspective view illustrating an end portion 
of a third embodiment of the flat cable according to 
the invention prior to folding operation; and 

Fig. 7 is a perspective view showing the end portion 
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after folding operation. 

Description of the Preferred Embodiment 

Fig. 3 is a schematic view showing a principal con- 
struction of the flat cable according to the invention. A 
connector 15 in Fig. 3 is identical with the connector 1 
shown in Fig. 1 and includes terminals a1 , a2, a3, a4 and 
a5 aligned in this order. A connector 16 is identical with 
the connector 2 in Fig. 1 and comprises terminals b5, b4, 
b1, b2 and b3 arranged in this order. It should be noted 
that the terminals having the same numerical suffixes are 
to be connected to each other by means of a flat cable 
17 including foil-like conductor strips c1, c2, c3, c4 and 
c5. 

At one end portion of the flat cable 17, end temnlnals 
of the conductor strips cl , c2, c3, c4 and c5 are arranged 
In this order at a pitch which is identical with a pitch at 
which the terminals al , a2, aS. a4 and a5 of the connec- 
tor 15 are aligned. At the other end portion of the flat ca- 
ble 17, end terminals of conductor strips c1, c2 and c3 
form a first set of end terminals and end terminals of the 
conductor strips c4 and c5 form a second set of end ter- 
minals as a bifurcated end portion 1 7V The end terminals 
of the conductor strips cl , c2 and c3 are arranged at a 
pitch at which the terminals b1-b5 of the connector 16 
are arranged, and the end terminals of the conductor 
strips c4 and c5 of the bifurcated end portions 17' are 
separated from each other by said pitch. 

According to the invention, the bifurcated end por- 
tion 17' Is folded back along a line A-A over the end ter- 
minal portion of the conductor strips c1 -c3 as shown by 
chain lines in Fig. 3 such that the end terminals of the 
conductor strips c4 and c5 are positioned above the end 
terminals of the conductor strips c1-c3. In this manner, 
the end terminals of the conductor strips 05, c4, cl, c2 
and c3 are aligned in this order at said pitch, so that they 
can be connected to the terminals b5, b4, b1 . b2 and b3 
of the connector 16. 

in the flat cable according to the invention, at one 
end portion the end terminals of the conductor strips cl , 
c2, c3, c4 and c5 are arranged in this order and at the 
other end portion, the end terminals of the conductor 
strips c5, c4, c1, c2 and c3 are arranged in this order. 
Therefore, a given electrical connection between the 
connectors 15 and 16 Including crossings of conductor 
strips can be established by the single flat cable 17. 

Figs. 4 and 5 are schematic plan views depicting a 
first embodiment of the flat cable according to the inven- 
tion. As shown In Fig. 4. a flat cable 22 of the present 
embodiment is used to establish an electrical connection 
between first and second connectors 20 and 21 and a 
third connector 23, and comprises a plurality of foil -like 
conductor strips F1 , F2, F3 — F6. The first connector 20 
includes terminals d3, d1 , d2 and dS arranged in this or- 
der, the second connector 21 has terminals d4 and dS 
and the third connector 23 comprises terminals el, e4. 
e3. e4, e5 an e6 aligned in this order. The flat cable 22 
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comprises a main portion 22a including the conductor 
strips F3. F1. F2 and F6. a first bifurcated end portion 
22b including the conductor strips F5 and F4, a second 
bifurcated portion 22c including the conductor strips F5 
F4 and F3, and a third bifurcated portion 22d including 
the conductor strips Fl , F2 and F6. 

Endterminals of the conductor strips of the main por- 
tion 22a are to be connected to the terminals of the first 
connector 20 and end terminals of the conductor strips 
of the first bifurcated portion 22b are to be connected to 
the terminals of the second connector 21 . End terminals 
of the conductor strips F5. F4 and F3 of the second bi- 
furcated portion 22b and end tenrninals of the conductor 
strips Fl. F2 and F6 of the third bifurcated portion 22d 
are to be connected to the terminals of the third connec- 
tor 23. In the third portion 22d, the conductor- strips F1 
F2 and F6 are arranged such that between the end ter- 
minals of the conductor strips F2 and F6. there is formed 
a space having a such width that three end terminals of 
the conductor strips can be inserted therebetween 

According to the invention, the second bifurcated 
portion 22b Is folded back about a line B-B over the third 
bifurcated portion 22d such that the end terminals of the 
conductor strips F3. F4 and F5 of the second bifurcated 
portion 22b are inserted into said space formed between 
the end terminals of the conductor strips F2 and F6 of 
the third bifurcated portion 22d. It should be noted that 
said line A-A should extend perpendicular to an edge of 
the end terminals. Fig. 5 shows the flat cable 22 after the 
above mentioned folding operation As shown in Fig 5 
at the end portion of the flat cable 22 to be connected to 

the thirdconnector 23, the end terminals of theconductor 
strips Fl , F2. F3, F4, F5 and F6 are aligned in this order 
so that these end terminals of the conductor strips Fi -F6 
can be connected to the corresponding terminals el -e6 
of the third connector 23. It should be noted that in the 
present embodiment, the end terminals of the conductor 
strips F1-F6 at the end portion connectable to the third 
connector 23 are aligned on a single plane. After that 
the end temriinals of the conductor strips Fl -F6 are con- 
nected to metal terminals in a synthetic resin housing not 
shown. " 

Figs. 6 and 7 illustrate a second embodiment of the 
flat cable according to the invention. In the first embodi- 
ment, after folding back the bifurcated portion 22b over 
the third bifurcated portion 22c such that the end termi- 
nals of the conductor strips F1-F6 are aligned in a given 
order, the end terminals are connected to the metal ter- 
minals. In the present embodiment, prior to the folding 
operation, end temriinals of bifurcated portions 31a and 
31b of a flat cable 31 are first connected to metals 33a 
and 33b within connector housings 32a and 32b. respec- 
tively as illustrated In Fig. 6. The end terminals of the 
conductor strips may be connected to respective metal 
tenminals 33a and 33b by means of ultrasonic welding 
After welding the end terminals of the conductor strips to 
the metal terminals 33a and 33b. connected portions are 
fixed by synthetic resin molding to form the connector 



housings 32a and 32b. 

Then the bifurcated portion 31 b is folded back over 
the bifurcated portion 3la about a line C-C in Fig 6 such 
that the connector housing 32b is place on the connector 
housing 32a as depicted in Fig. 7. Therefore, the metal 
terminals 33a and 33b form a two array connector It 
should be noted that the connector housings 32a and 
32b have a same width, so that these connector hous- 
ings can town aligned side walls. Furthermore, the con- 
'0 nector housings 32a and 32b may be accommodated 
wrthin a single housing by synthetic resin molding As 
shown in Fig. 7, upon connecting the flat cable to a con- 
nector 34. the metal terminals 33a and 33b are inserted 
into corresponding holes 34a and 34b arranged in two 
arrays. In respective holes 34a and 34b, there are pro- 
vided metal receptacles and these metal receptacles are 
connected to ends of respective conductors 33 There- 
fore, by inserting the metal terminals 33a and 33b into 
the holes 34a and 34b. the metal terminals can be insert- 
ed into corresponding metal receptacles ol the connector 
34. It should be noted that the connector housings 32a 
and 32b are constructed such that the connector hous- 
ings can be clamped into the connector 34. Therefore 
by clamping the connector housings 32a, 32b and the 
2S connector 34 together, the conductor strips ot the flat ca- 
ble can be connected to given conductors 35, 

The present invention is not limited to the embodi- 
ments explained above, but many modifications and al- 
temations may be conceived by those skilled in the art 
within the scope invention. For instance, in the embodi- 
ment shown in Figs. 6 and 7, the two bifurcated portions 
of the flat cable are folded one on the other, but according 
to the invention more than two bifurcated portions may 
be folded one on another to form a connector portion in 
which more than two connector housings are place one 
on another. That is, according to the Invention, a plurality 
of end terminal arrays may be formed. Similarly, In the 
first embodiment, a bifurcated portion may be folded 
back about a plurality of lines. 
^0 As explained above, in the flat cable according to 
the invention, by folding back a bifurcated portion of the 
flat cable such that an order in which the end terminals 
of the conductor strips are arranged can be changed 
Further, the bifurcated portion of the flat cable is folded 
such that a plurality of connector housings are arranged 
one on another. Therefore, a design of circuit arrange- 
ments can be simplified and a flat cable including cross- 
ings of conductor strips can be simply manufactured 
Then, a manufacturing cost of flat cables can be de- 
creased. Furthermore, the number of kinds of flat cables 
to be prepared for establishing desired electrical connec- 
tions between varbus connectors can be reduced. 

55 Claims 

1 . A flat cable comprising a plurality of foil-like conduc- 
tor strips having end portions connectable to termi- 
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nals of a connector, and an insulating sheet in which 
said foil-like conductor strips are embedded In a 
manner such that the conductor strips are electri- 
cally isolated from each other, the improvement 
being characterized in that at least one end portion s 
of the flat cable includes a bifurcated portion which 
has been folded back along a line extending in a 
direction perpendicular to an edge of the end portion 
such that an order of end terminals of the foil-like 
conductor strips are changed. ^0 

2. A flat cable according to claim 1 , wherein a distance 
between end terminals of adjacent foil-like conduc- 
tor strips is widened to form a space, and said at 
least one bifurcated portion has been folded back is 
such that at least one end terminal of at least one 
foil-like conductor strip in the bifurcated portion is 
placed in said space. 

3. A flat cable comprising a plurality of foil-like conduc- 20 
tor strips having end portions connectable to termi- 
nals of a connector, and an insulating sheet in which 
said foil-like conductor strips are embedded in a 
manner such that the conductor strips are electri- 
cally isolated from each other, the improvement 2S 
being characterized in that there are formed a plu- 
rality of bifurcated portions at least one end portion 

of the flat cable, and said plurality of bifurcated por- 
tions have been folded such that end terminals of 
foil-like conductor strips of said plurality of bifurcated 30 
portions are arranged one on another to form an end 
portion including plural end terminal arrays, said end 
portion being connectable to a connector including 
plural terminal arrays. 

35 

4. A flat cable according to claim 3, wherein said end 
portion includes plural connector housings each 
accommodating end terminal arrays of respective 
bifurcated portions, said plural connector housings 
being able to be coupled with said connector by 40 
clamping. 
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